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BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates to a communication system that includes fiber optic and 
10 wired media. 

2. Description of Related Art 

Cable conmiunication systems use optical fibers to transmit information between., 
a head-end and a fiber node and use coaxial cable to transmit information between the 
fiber node and end-users. With increasing need for greater capacity, current systems are 
1 5 stressed to their limits. Thus, there is need for new technology to increase capabilities of 
conmiunication between head-ends and end-users. 

SUMMARY OF THE INVENTION 
This invention provides a new architecture for a communication system between 
head-ends and end-users that expands capacity, simplifies transmission and operation, 
20 increases reliability and reduces cost of the communication system. One or more mux- 
nodes in the new architecture receive conmiunication signals firom a head-end and 
forward the received communication signals to one or more mini-fiber nodes (mFNs). 
The mFNs provide fiiU duplex communication to the end-users. The head-end may 
include primary hubs that provide cormectivity among all end-users of the 
25 communication system. The primary hubs also serve as information sources providing 
services such as TV broadcast signals. The head-end may also include secondary hubs 
that perform fimctions such as optical signal distribution and system recovery. 

The head-end may be connected to one or more mux-nodes where each of the 
mux-nodes are connected to the head-end via a small number of optical fibers (preferably 
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two or four). A mux-node may be connected to one or more mFNs via one or more 
optical fibers, and each of the mFNs may be connected to one or more end-users via 
passive wired connections such as coaxial lines. In this way, the number of connections to 
the head-end may be much smaller than if mFNs are connected directly to the head-end 

5 without the mux-node. 

The communication between the head-end and the mux-node may include analog 
and digital signals. Digital signals may include digital base band signals (Is and Os) as 
well as digital signals modulated onto radio frequency (RF) sub-carriers (RF digital 
signals). The analog signals may also include the RF digital signals as well as pure 

10 analog signals such as TV broadcast signals. 

When the analog and digital signals are received together, the mux-node separates 
the analog signals from the digital signals. The analog signals may be narrowcast signals 
that are destined to end-users of selected mFNs, for example. The digital signals may be . 
multiplexed using a multiplexing scheme such as time division multiplexing (TDM). The 

15 digital signals destined to specific end-users may be demultiplexed and transmitted to the 
destined end-users through the mFNs that serve the respective end-users. The narrowcast 
analog signals for each mFN may be combined with digital signals prior to transmitting 
to the respective mFNs. Each of the mFNs receives the analog and digital signals, 
modulates these signals onto appropriate RF bands and transmits the signals to the end- 

20 users via the passive wired connection. 

Upstream RF signals may be received by the mFNs via the passive wired 
connections from the end-users. The RF signals may include pure analog and RF digital 
signals. The mFNs may convert some or all of the upstream RF digital signals into 
digital base band signals for transmission to the mux-node. Alternatively, the mFNs may 

25 transmit the RF digital signals directly to the mux-node and the mux-node may perform 
the RF digital to digital base band conversion. 

The analog and digital upstream signals may be transmitted to the mux-node 
using either multiple optical fibers or wavelength division multiplexing (WDM), for 
example. The mux-node may RF combine the analog upstream signals from all the 

30 mFNs for transmission to the head-end. The RF combining may be performed by either 
adding the RF signals received from the mFNs together or by frequency division 
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multiplexing the RF signals. The upstream digital signals are processed by the mux- 
node. Those signals that are destined to the head-end are muhiplexed using TDM, for 
example, and transmitted to the head-end. The analog signals and the multiplexed digital 
signals may be transmitted to the head-end using wavelength division multiplexing 
(WDM) or dense wavelength division multiplexing (DWDM), for example. 

The mux-node may receive communication signals from end-users through the 
mFNs that are destined to other end-users connected to the mFNs being served by the 
same mux-node. In this situation, the mux-node may route the communication signals 
among mFNs without forwarding the information to the head-end. In addition, routing 
functions may be performed in the mFNs also. For example, the mFNs may detect that a 
commxmication is destined to one of the end-users also connected to the same mFN and 
route the communication to the end-user without processing by the respective mux-node. 
The mFNs may also assist the routing process by labeling or adding information to 
upstream communications so that routing tasks may be simplified at the mux-node, for 
example. In this way, conmixinication traffic between the mux-node and the head-end 
may be reduced with corresponding increase in efficiency. 

Reliability is increased because the mux-node reduces the number of optical fibers 
required to be connected to the head-end. The reliability is fiirther increased because a 
greater distance is spanned by a smaller number of optical fibers between the head-end 
and the mux-node than distances spanned by a larger number of optical fibers between 
the mux-node and the mFNs, The wired connections to the end-users are passive and do 
not include active devices such as amplifiers and thus reduce power consumption and 
lengthen mean-time-to-failure (MTTF). The small number of optical fibers to the head- 
end and the lower power consumption of the wired connections shorten the mean-time-to- 
repair (MTTR) and reduce cost of the communication system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in detail with reference to the following figures 
wherein like numerals reference like elements, and wherein: 

Fig. 1 shows an exemplary block diagram of a communication system between a 
head-end and end-users; 
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Fig. 2 shows a first exemplary block diagram of a mux-node; 
Fig. 3 shows a second exemplary block diagram of the mxix-node; 
Fig. 4 shows a second exemplary block diagram of the mux-node; 
Fig. 5 shows an exemplary block diagram of a mFN; 
Fig. 6 shows an exemplary RF frequency band allocation for mFN wired 
connection; 

Fig. 7 shows an exemplary block diagram of the mux-node; 
Fig. 8 shows an exemplary flow chart for the downstream communication process 
of the mux-node; and 

Fig. 9 shows an upstream conmiunication process of the mux-node. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 shows an exemplary block diagram of a commxmication system 100 that , 
includes a head-end 102, mux-nodes 104-106, mini-fiber nodes (mFNs) 108 and end- 
users 1 12, The mux-nodes 104-106 are connected to the head-end 102 via one or more 
optical fiber trunks 1 14-116, the mFNs 108 are connected to the mxix-node 104 via 
optical fiber trunks 120-122 and the end-users 1 12 are connected to the mFNs 108 via 
passive wired connections such as coaxial lines via taps 110. Each of the optical fiber 
trunks 114-116 and 120-122 may include one or more optical fibers. 

The head-end 102 may include primary hubs and secondary hubs (not shown) that 
form interconnected regional service facilities. The primary hubs may include a source of 
broadcast information such as TV broadcast signals and may have overall control of the 
conununication system 100. Communication among the end-users 1 12 serviced by 
different mux-nodes 1 04- 1 06 may be provided via the primary hubs because end-users 
1 12 are reachable via the primary hubs. The secondary hubs may provide optical signal 
amplification, switching and distribution. The secondary hubs may perform the above 
function v^thout optical to electrical conversion. For simplicity of the following 
discussion, "head-end" is used to include concepts such as primary and secondary hubs as 
well as less complex facilities or other alternatives that enable information distribution. 

The head-end 102 may transmit to the mux-nodes 104-106 first downstream 
signals that contain both broadcast and /or narrowcast information such as analog TV 
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signals and/or cable modem signals, for example. The head-end 102 may transmit 
different first downstream signals to different ones of the mux-nodes 104-106 so that 
each mFN 108 may potentially receive a unique first downstream signal. 

The head-end 102 may transmit a second downstream signal containing digital 
information to the mux-nodes 104-106. The digital information may be digital base band 
signals (i.e.. Is and Os) that are destined to particular end-users 1 12. The digital signals 
may be multiplexed using schemes such as time division multiplexing (TDM). The mux- 
node 104-106 demultiplexes the digital information (e.g., TDM) and routes the digital 
information to destination end-users 1 12 via appropriate mFNs 108. 

The end-users 112 may send upstream signals. The upstream signals from the 
end-users 1 12 may include multiple types of signals including analog signals and radio 
frequency (RF) digital signals, which are digital signals modulated onto sub-carriers, for 
example. The upstream signals from the end-users 1 12 may be transmitted in different . 
RF bands. The mFNs 108 receive and split the upstream signals into analog signals 
which may include some RF digital signals that are not demodulated and digital signals 
which are to be demodulated into digital base band signals and forward the analog and 
digital signals to the mux-node 104-106 via frequency division multiplexing (FDM), 
WDM, DWDM, spatial division multiplexing (SDM), e.g., multiple fibers, etc. The mux- 
nodes 104-106 may send the analog signals received from the mFNs 108 directly to the 
head-end 102 using WDM or RF combine the analog upstream signals from some or all 
the mFNs 108 via frequency conversion, for example, and forward the frequency 
converted signals to the head-end. The digital upstream signals may be multiplexed via 
TDM, for example, and the multiplexed signals transmitted to the head-end 102. 

Media access control (MAC) may be performed by any available technique. For 
example, the end-users 1 12 may control access among themselves via an out-of-band 
control channel or end-users 112 may send MAC signals upstream for access privileges. 
The mux-nodes 104-106 may perform MAC functions for local media access control 
either autonomously from the head-end or based on control parameters specified by the 
head-end. MAC may also be performed by the head-end 102 completely in a centralized 
maimer. Any combination of the above MAC techniques may be possible where the 
MAC functions are distributed among the communication system components. 
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As mentioned above, each of the optical fiber trunks 120-122 may include one or 
more optical fibers. If two optical fibers are included, for example, then one optical fiber 
may be dedicated for upstream communication and another optical fiber may be 
dedicated for downstream communication. Alternatively, one optical fiber may be 
dedicated for analog communication while another optical fiber may be dedicated for 
digital communication. A fiirther altemative could be to allocate one fiber for 
downstream analog signals transmissions and the second fiber for upstream analog signal 
transmission plus digital base band transmission. This final altemative may enable the 
stringent requirements for analog CATV signals to be met. Any of the fibers may be 
used with wavelength division multiplexing (WDM) to form any number of channels for 
half duplex or fiill duplex communication. 

The above-described communication system 100 provides for added efficiency 
via the mux-nodes 104-106. Instead of connecting each of the mFNs 108 directly to the * 
head-end 102 via one or more optical fibers, many mFNs 108 are connected to the mux- 
nodes 104-106 via the optical fiber trunks 120-122. The mux-node 104-106 multiplexes 
the digital communication signals from all the mFNs 108 using TDM or other 
concentration mechanisms such as FDM, DWDM, SDM, for example. The mux-node 
104-106 outputs the multiplexed signal to the head-end 102 via the optical fiber 
trunks 114-116 which may contain a much smaller number of optical fibers. Thus, the 
mux-nodes 104-106 reduce the number of fibers that is needed to extend communication 
signals between the mFNs 108 and the head-end 102. 

In addition, the wavelength tolerance for the optical fiber trunks 120-122 may be 
less stringent than the wavelength tolerance for the optical fiber trunks 114-116. The 
optical fiber trunks 114-116 interface with secondary hubs, for example, and to conserve 
wavelength space, tight wavelength tolerances may be assigned to each of the mux-nodes 
104-106 so that WDM may be used. The tight tolerance requires very accurate and 
precise light generators such as carefiiUy selected lasers which are very costly. The mux- 
node interface with the mFNs 108 does not need to have such a tight wavelength 
tolerance. Thus, less costly lasers may be used for interfacing with the mFNs 108 and in 
the mFNs 108 themselves. If mFNs 108 interface directly with the secondary hubs 
without the mux-node 104-106, then the lasers in the mFNs 108 must meet the tight 
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wavelength tolerance requirement with attendant costs. Because the mux-node 104-106 
combines the upstream signals received from the mFNs 108 into a smaller number of 
signals (through a combination of TDM, frequency stacking or RF combining, for 
example), the mux-node 104-106 reduces the over all cost of the communication system 
100. 

The mux-nodes 104-106 may be physically separated from the head-end 102 at a 
distance that is greater than distances separating the mux-node 104-106 and the mFNs 
108. This physical arrangement reduces the number of optical fibers spanning long 
distances to a smaller value than the number of optical fibers spannmg shorter distances. 
For example, mux-nodes 104-106 and mFNs 108 may be placed near end-user sites with 
distances of about one kilometer or less, while the mux-nodes 104-106 may be separated 
from the secondary hubs by more than one kilometer. In this way, reliability of the 
system 100 is improved and the mean-time-to-repair (MTTR) is decreased due to a 
smaller number of optical fibers spaiming relatively long distances. 

Moreover, the mux-nodes 104-106 may also perform routing functions among the 
mFNs 108. For example, if a communication signal received fi:om a first mFN 108 is 
destined for an end-user 1 12 that may be reached via a second mFN 108 also connected 
to the same mux-node 104-106, the mux-node 104-106 may route the conununication 
signal directly to the destination end-user 112 without forwarding the communication 
signal to the head-end 102. In this way, the communication load of the head-end 102 
may be reduced. 

Fig. 2 shows an exemplary functional block diagram of a first example of the 
mux-node 104 (herein after referred to as the first mux-node 103) that uses WDM for 
fiber concentration. The first mux-node 104 includes a lightwave interface device 322 
that performs WDM, an optical splitter 303 and a lightwave interface device 330 that also 
performs WDM. The lightwave interface device 322 is coupled to the head-end 102 via 
optical fiber trunk 1 14 and the lightwave interface device 330 is coupled to the mFNs 108 
via optical fiber trunks 120-122. 

The lightwave interface device 322 receives the first downstream signals firom the 
head-end 102 and passes optically the first downstream signals to the optical splitter 303. 
The optical splitter 303 splits optically the first downstream signals into a number of 
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optical signals that match a number of mFNs 108 associated with the first mux-node 103. 
The output of the optical splitter 303 is transmitted directly to each of the mFNs 108. 
The second downstream signals are forwarded directly from the lightwave interface 
device 322 to the lightwave interface device 330 for transmission to the mFNs 108. 
Upstream signals are received by the first mux-node 104 from the mFNs 108 in the 
lightwave interface device 330 and sent directly to the lightwave interface device 322 for 
forwarding to the head-end 102. 

Fig. 3 shows an exemplary functional block diagram of a second example of the 
mux-node 104 (herein referred to as the second mux-node 105). The second mux-node 
105 includes the lightwave interface device 3 14 connected to the head-end 102 via the 
optical fiber trunk 1 14, an optical splitter 316, an optional RF signal compiler 318 and the 
lightwave interface device 320. The lightwave interface device 314 includes one or more 
lightwave transmitters for transmitting lightwaves to the optical fiber trunk 114 and the > 
lightwave interface device 320 includes lightwave receivers for receiving lightwaves 
from the optical fiber trunks 120-122. The first and second downstream signals are sent 
optically to the optical splitter 316. The optical splitter 316 splits optically both the first 
and second downstream signals into a number of optical signals that match a number of 
mFNs 108 associated with the first mux-node 104. The output of the optical splitter 316 
is transmitted directly to each of the mFNs 108 via the optical fiber trunks 120-122. 

The upstream signals firom the end-users 1 12 include RF signals which are 
received by respective ones of the mFNs 108. The mFNs 108 modulate these upstream 
signals onto optical sources (or carriers) and transmit the optical signals to the lightwave 
receivers of the lightwave interface device 320. The lightwave interface device 320 
receives the optical upstream signals, converts the received optical signals to RF signals 
and sends the RF signals to the RF signal compiler 318 (if used). The RF signal compiler 
318 combines the RF signals by either adding the RF signals together, frequency division 
multiplexing (FDM - firequency stacking) the RF signals or adding signals from subsets 
of the mFNs 108 and FDMing the sum, for example. 

The RF signal compiler 3 1 8 sends the compiled RF signals to the one or more 
lightwave transmitters of the lightwave interface device 3 14. The lightwave transmitters 
of the lightwave interface device 314 convert the compiled RF signals into optical signals 
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and transmit the optical signals to the head-end 102 via the optical fiber trunk 114. If the 
RF signal compiler 3 1 8 is not used, then the RF signals may be sent directly to the 
lightwave interface device 314 which transmits each of the Rf signals on an individual 
wavelength using WDM, for example, to the head-end 102 via the lightwave transmitters. 

Fig. 4 shows an exemplary functional block diagram of a third example of the 
mux-node 104 (herein referred to as the third mux-node 107). The third mux-node 107 
includes a lightwave interface device 302 connected to the head-end 102 via the optical 
fiber trunk 1 14, an optical splitter 304, an RF signal compiler 310, a mux/demux/router 
308 and a lightwave interface device 3 12. The lightwave interface device 302 includes an 
analog lightwave transmitter, a digital lightwave transmitter and a lightwave receiver. 
The lightwave interface device 312 includes lightwave transceivers for transmitting and 
receiving lightwaves from the optical fiber trunks 120-122. 

The lightwave interface device 302 receives the first downstream signals firom the 
head-end 102 and optically forwards the first downstream signals to the optical splitter 
304. The optical splitter 304 may split the first downstream signals into separate first 
downstream signals destined for different mFNs 108, and forwards the separated first 
downstream signals optically to the mFNs 108 via the lightwave interface device 312. 

The lightwave interface device 302 also receives the second downstream signals 
from the head-end 102. The lightwave interface device 302 converts the second 
downstream signals into an electrical signal and forwards the second downstream signals 
electrically to the mux/demux/router 308. 

The mux/demux/router 308 demultiplexes the second downstream signals (digital 
signals) into separate second downstream signals corresponding to each of the destination 
end-users 1 12 based on a multiplexing scheme such as TDM, FDM with fi-equency 
conversion, etc., for example. TDM is used as an example in the following discussion. 
The demultiplexed second downstream signals are grouped into downstream signals 
destined to end-users 1 12 serviced by the same mFNs 108. The grouped downstream 
signals are sent to the lightwave interface device 312 for transmitting to the respective 
mFNs 108 via the optical fiber trunks 120-122. 

If WDM is used for transmission between the mux-node 107 and the mFNs 108, 
one set of wavelengths may be allocated to each of the separated first downstream signals 
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and another set of wavelengths may be allocated to end-users 1 12 that require 
downstream commimications. Altematively, the first downstream signals may be 
transmitted via one set of optical fibers and the second downstream signals transmitted 
via another set of optical fibers. In this case, at least two fibers connect each of the mFNs 
108 to the mux-node 107. 

When analog and digital upstream signals are received firom the end-users 1 12 via 
the mFNs 108, the lightwave interface device 312 sends the received analog upstream 
signals as RF signals to the optional RF signal compiler 310 (if used). If RF digital 
signals are received, then the RF signal compiler 310 receives and converts the RF digital 
signals to digital base band signal and sends the digital base band signals to the 
mux/demux/router 308 via optional connection 332. If digital base band signals are 
received firom the mFNs 108, then the received digital base band signals are sent directly 
to the mux/demux/router 308 via optional connection 334. The RF signal compiler 3 10 . 
RF combines the analog upstream signals and sends the combined signals to the 
lightwave interface device 302 for transmission to the head-end 102. If the RF signal 
compiler 310 is not used, then the RF signals may be sent directly to the lightwave 
interface devices 302 to be transmitted using WDM, for example, to the head-end 102. 

The mux/demux/router 308 may perform local routing functions. For example, 
the mux/demux/router 308 may examine the destination addresses of each of the digital 
upstream signals to determine if any of the upstream signals is directed to an end-user 
1 12 that is serviced by the mux-node 107. The upstream signals that are destined to any 
of the end-users 1 12 serviced by the second mux-node 107 may be routed by the 
mux/demux/router 308 to the respective end-users 1 12 as retumed second downstream 
signals without forwarding these upstream signals to the head-end 102. 

The mux/demux/router 308 may perform routing fimctions in conjimction with 
the mFNs 108, for example. The mFNs 108 may perform initial examination of the 
upstream communication and label the communications so that the mux/demux/router 
308 may route the conmiunications based on the labels. The mFNs 108 and/or the 
mux/demux/router 308 may also assist routing functions performed by the head-end 102. 

Those portions of the digital upstream signals that are not destined to the end- 
users 1 12 serviced by tiie mux-node 107 are multiplexed by using TDM, for example, and 
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sent to the head-end 102 via the lightwave interface device 302, The lightwave interface 
device 302 may use WDM to transmit and receive upstream and downstream signals 
using one or more optical fibers of the optical fiber trunk 1 14, for example. 
Alternatively, multiple fibers may .be used by allocating one or more optical fibers for 
5 analog transmissions and one or more other optical fibers for digital transmissions. 
Wavelengths may also be allocated among the available optical fibers, for example. 

While Figs. 2-4 show the mux-nodes 103-107 to include the optical splitters 303, 
316 and 304 to be integrated with other mux-node components, the optical splitters 303, 
316 and 304 may be packaged separately and physically placed in different geographic 

10 locations. For example, optical splitter 303 may receive lightwave signals directly fi-om 
the trunk 1 14 and output lightwave signals directly to the the mFNs 108. Thus, Figs. 2-4 
show the mux-nodes 103-107 logically and the components of the mux-nodes 103-107 
may not be co-located at one location. In the foUovvdng discussion, reference to the mux- 
node 104 refers to any one of the mux-nodes 103-107 as appropriate based on the context. 

15 Explicit identification of a particular mux-node 103-107 will be used where important. 

Fig. 5 shows an exemplary block diagram of a mFN 108 (connected to the optical 
fiber trunk 120, for example). The mFN 108 includes a lightwave interface device 202, a 
modulator 204, a coupler 208, diplexers 210-214, and a demodulator 206. 
Communication signals are exchanged between the mux-node 104 and the mFNs 108 via 

20 the optical fiber trunk 120 and the lightwave interface device 202. The optical fiber trunk 
120 may have a single fiber supporting multiple full duplex communication channels by 
using WDM, for example. The lightwave interface device 202 separates the first and 
second downstream signals. The first downstream signals (analog signals) are sent to the 
diplexer 214 via the coupler 208. The second downstream signals are sent to the 

25 modulator 204 which modulates the second downstream signals into radio frequency 
(RF) signals at appropriate frequencies. The first and second dowoistream signals are 
combined in the coupler 208 and sent to the end-users 1 12 via the wired connection 126. 

An optional loop-back signal generated by an optional loop-back device 212 
(shown as a dashed box) may also be combined by the coupler 208 with the modulator 

30 output signals. The output of the coupler 208 is input to the diplexer 214 which outputs 
the signals received from the coupler 208 to the wired connection 126 (e.g., a coaxial 
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cable). The taps 1 10 are connected to the connection 126 and the end-users 1 12 receive 
and transmit downstream and upstream signals via the taps 110. 

The upstream communication signals from the end-users 1 12 are received by the 
mFNs 108 via the connection 126 and the diplexer 214. The diplexer 214 directs the 
received upstream communication signals (which are RF signals) to the diplexer 210 
which separates two RF frequency bands. A first frequency band may be allocated to a 
first set of upstream signals and a second frequency band may be allocated to a second set 
of upstream signals. The first frequency band may be between 5-40 MHz and the second 
frequency band may be between 930 and 1000 MHz or vice versa. The diplexer 210 
sends the first frequency band signals to the lightwave interface device 202 for 
transmission to the mux-node 104 and the second frequency band to the demodulator 
206. The demodulator 206 may demodulate the digital upstream signals to digital base 
band signals and output the demodulated signals to the lightwave interface device 302 for 
transmission to the head-end 102 via the optical fiber trunk 120. Signals of the first and 
second bands may be transmitted together over the same optical fiber or separately over 
different optical fibers of the optical fiber trunk 120. 

The mFN 108 may support either local, distributed or centralized MAC. If 
centralized MAC is implemented, upstream media access requests are forwarded to the 
head-end 102 through the demodulator 206, the lightwave interface device 202 and the 
mux-node 104. For this case, the loop-back device 212 may not be required. If local 
MAC is implemented, local access signals may be out-of-band and thus are not 
modulated together with other communication signals. For this case, the local access 
signals may be split out by an optional splitter 216 (shown as a dashed box) and 
forwarded to the loop-back device 212. The loop-back device 212 then performs any 
local access contention/control fimctions that may be desired and forwards loop-back 
signals to the coupler 208 to be combined with the signals received from the head-end 
102 and returned to the end-users 1 12 via the diplexer 214. If distributed MAC is 
implemented, the mFN 108 may partially process the media access requests and forward 
the processed requests to the mux-node 104 for ftirther processing. For example, the 
mFN 108 may indicate a priority or privilege that was assigned to the mFN 108 for MAC 
purposes. 
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If the local access signals are modulated together with other upstream 
communication signals, the signals received from the diplexer 210 are first demodulated 
by the demodulator 206 and the local media access signals are separated out as the loop- 
back signals (out-of-band or in-band signals) and sent to the loop-back device 212. For 
this case, the splitter 210 may not be required. The loop back device 212 may generate 
out-of-band loop-back signals which are returned to the end-users 1 12 via the coupler 208 
and diplexer 214 if local MAC is used. Alternatively, the loop back device 212 may be 
directly connected to the modulator 204 ( this connection not shown) and the loop back 
signal may be inserted into the downstream signal by TDM, for example, with the 
downstream data. This alternative generates an in-band loop back signal. There may be 
many other ways of implementing MAC as is known to one or ordinary skill in the art. 

Fig. 6 shows an exemplary band allocation for the passive wired connection 126 
of the mFN 108. The first downstream signals (e.g., analog broadcast signals) may be * 
transmitted within a band between 50 and 750 MHz and the second downstream 
communication signals (e.g., digital signals on sub-carriers) may be transmitted within a 
band between 800 and 880 MHz, for example. The upstream signals may be transmitted 
in two bands between 5-40 MHz (e.g., analog upstream signals) and between 930 and 
1000 MHz (e.g., second upstream signals). The loop-back upstream and dovmstream 
signals may be transmitted in the bands 920-930 MHz and 890-900 MHz, respectively. 
The loop-back upstream signal may be modulated together wdth the second upstream 
signals so that the second upstream band may range between 920 and 1000 MHz. 

Fig. 7 shows an exemplary block diagram of the mux-node 104. The mux-node 
104 may include a controller 402, a memory 404, a multiplexer 406, a demultiplexer 408, 
a head-end lightwave interface device 410, an optional RF signal compiler 412, a splitter 
414 and a mFN lightwave interface device 416. The above components may be 
controlled via a control signal bus 418. Data are passed among the above elements as 
illustrated in Figs 2-4 and are omitted from Fig. 7 to avoid confusion. 

While the above illustrates the mux-node 104 via a specific bus orientated 
architecture, other type architectures and implementations may be used as are well known 
to one of ordinary skill in the art. In addition, the above components may be 
implemented by available hardware technologies such as PLAs, PLDs, PALs, gate arrays, 
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etc. for.digital components as well as hybrids and other analog integrated circuits for non- 
digital components. 

Digital communication signals are received from the head-end 102 in the head- 
end lightwave interface device 410 and forwarded to the splitter 414. The splitter 414 
separates the communication signals into the first and second downstream signals. The 
first downstream signals may be sent to the mFN lightwave interface device 416 for 
transmission to particular mFNs 108 based on destinations of the first downstream 
signals, for example. The controller 402 may direct the first downstream signals to 
different ones of the mFNs 108 based on inforaiation contained in the first downstreani 
signals such as labels and repackage the first downstream signals tailored for each of the 
mFNs 108. The controller 402 may store a portion of the first downstream signals in the 
memory 404 to serve as a cache for distribution to the mFNs 108 based on fiiture 
requests, for example. 

The second downstream signals are demultiplexed by the demultiplexer (e.g., 
TDM) and sent to the controller 402. The controller 402 may examine the demultiplexed 
second dovrastream signals for destination addresses and identifies the appropriate mFNs 
108 based on end-user addresses serviced by the mFNs 108. For example, if the second 
downstream signals are in the form of data packets, the controller 402 examines headers 
of the data packets to determine the destination addresses. Based on address assignment 
information stored in the memory 404, for example, the controller 402 determines which 
of the mFNs 108 should receive the data packets for forwarding to the destination end- 
users 112. The controller 402 outputs the data packets to the appropriate mFNs 108 via 
the mFN lightwave interface device 416. 

As with the first downstream signals, the controller 402 may process the second 
downstream signals based on information other than the destination address. For 
example, information in the header of data packets may include repackaging or caching 
instructions from the head-end 102. Thus, the controller 402 may perform many 
fiinctions to process the first and second downstream signals for providing efficient and 
convenient service to the end-users 1 12, 

Digital upstream signals are received from the mFNs 108 via the mFN lightwave 
interface device 416. If RF digital signals are received, then these signals are sent to the 
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Rf signal compiler 412 for conversion into digital base band signals before sending the 
signals to the controller 402. The controller 402 examines the upstream signals to 
determine whether any of the upstream signals are destined to end-users 112 serviced by 
the mux-node 104. For example, if the upstream signals are data packets (data packets 
5 are used only as an example), the controller 402 examines the header of the data packets 
and determines whether the data packets are destined to end-users 1 12 reachable through 
one of the mFNs 108 that is connected to the mFN lightwave interface device 416. If 
reachable, the controller 402 may direct the data packets to the proper mFNs 108 via the 
mFN lightwave interface device 416. 

10 If the data packets are destined to other than the end-users 1 12 not reachable via 

one of the mFNs 108, the controller 402 sends the data packets to the multiplexer 406, 
The multiplexer 406 multiplexes the data packets for transmission to the head-end 102. 
The multiplexer may multiplex the data packets using TDM, for example, and forward . 
the multiplex signals to the head-end lightwave interface device 410. If multiplexing is 

15 not required, then the data packets are sent directly to the lightwave interface device 410 
for transmission to the head-end 102. 

Analog upstream signals are also received from the mFNs 108 via the mFN 
lightwave interface device 416 as RF signals. The mFN lightwave interface device 416 
sends the analog upstream signals to the optional RF signal compiler 412 which 

20 combines the analog upstream signals from all the mFNs 108 and sends the combined 
signal to the head-end lightwave interface device 410 for transmission to the head-end 
102. If the RF signal compiler 412 is not used, then the RF analog signals are sent 
directly to the head-end lightwave interface device 410 for transmission to the head-end 
102. 

25 Fig. 8 shows an exemplary flowchart of a process of the mux-node 104. In step 

1000, the head-end lightwave interface device 410 receives optical signals from the head- 
end 102, converts the optical signals to electric signals and forwards the electrical signals 
to the splitter 414. Then the process goes to step 1002. In step 1002, the splitter 414 
splits the first downstream signal from the second downstream signal and sends the 

30 second downstream signal to the demultiplexer 408. Then the process goes to step 1004. 
In step 1004, the splitter 414 further splits the first downstream signal into separated first 
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downstreain signals destined for respective mFNs 108 and sends the separated first 
downstream signals to the mFN lightwave interface devices 416. Then the process goes 
to step 1006. 

In step 1006, the demultiplexer 408 demuhiplexes the second downstream signal 
(e.g., using TDM) and sends the demultiplexed second downstream signals to the 
controller 402. The controller 402 groups the demultiplexed second downstream signals 
for specific mFNs 108 based on the end-users 1 12 serviced by the mFNs 108 and the 
destination addresses of the demultiplexed second downstream signals. Then the process 
goes to step 1008. In step 1008, the mFN lightwave interface device 416 converts for 
each of the mFNs 108 the first and second downstream electrical signals into appropriate 
optical signals using WDM, for example. Then the process goes to step 1010. In step 
1010, the mFN lightwave interface device 416 output the optical signals to each of the 
mFNs 108, and the process goes to step 1012 and ends. 

Fig. 9 shows an exemplary flow chart for a process of the mux-node 104 for 
receiving signals from the mFNs 108. In step 2000, the mFN lightwave interface device 
416 receives upstream signals firom the mFNs 108, Then the process goes to step 2002. 
In step 2002, the mFN lightwave interface device 416 splits out the first and second 
upstream signals and the first upstream signals are sent to the optional RF signal compiler 
412. Then the process goes to step 2003. In step 2003, the process determines whether 
the second upstream signals are digital base band signals. If digital base band signals, 
then the second upstream signals are sent to the controller 402 and the process goes to 
step 2005; otherwise, the process goes to step 2004. In step 2004, the RF signal compiler 
310 converts the second upstream signals to digital base band signals and sends the 
digital base band signals to the controller 402, and the process goes to step 2005. Steps 
2003 and 2004 are bypassed if the RF signal compiler 3 1 0 is not used. In this case, the 
second upstream signals are assumed to be digital base band signals. 

In step 2005, the controller 402 determines whether any of the second upstream 
signals are destined to end-users 1 12 that are serviced by the second mux-node 104. If 
some of the second upstream signals are so destined, the process goes to step 2006; 
otherwise the process goes to step 2010. In step 2006, the controller 402 routes those 
second upstream signals destined to end-users 1 12 serviced by the second mxix-node 104 
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to the mFN lightwave interface device 416 as returned downstream signals for 
transmission to the destination end-users 1 12. Then the process goes to step 2008. In 
step 2008, the mFN lightwave interface device 416 transmits the returned downstream 
signals to the respective end-users 1 12 via appropriate mFNs 108. Then the process goes 
to step 2010. 

In step 2010, the RF signal compiler 310 converts the first upstream RF signals by 
combining the RF signals and sends the combined first upstream signals to the head-end 
lightwave interface device 410. The step 2010 is by-passed if the RF signal compiler 3 10 
is not used. Then the process goes to step 2012. In step 2012, the controller 402 sends 
the second upstream signals that are not returned to destination end-users 1 12 to the 
multiplexer 406 which multiplexes these second upstream signals using TDM, for 
example, and sends the multiplexed second upstream signals to the head-end lightwave 
interface device 4 1 0. Then the process goes to step 2014. In step 20 1 4, the head-end 
lightwave interface device 410 transmits the combined first upstream signals and the 
second upstream signals to the head-end 102 using WDM, for example. Then the process 
goes to step 2016 and ends. 

While this invention has been described in conjunction with specific embodiments 
thereof, it is evident that many alternatives, modifications, and variations will be apparent 
to those skilled in the art. Accordingly, preferred embodiments of the invention as set 
forth herein are intended to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention. 



